Abstract. This study investigated the genetic variations in envelope (E) gene of Dengue virus isolated in the Asian continent. We collected 8,826 nucleotide sequences of whole genome of Dengue virus from the National Center for Biotechnology Information (NCBI) in U.S. We compared the genetic variations among four different subtypes of Dengue viruses, as well as among different continents, such as North and South American, Asian, African, and Oceanian continents. As a result, we found that each subtype of Dengue virus showed distinctive genetic pattern. Within each subtype, however, similar genetic patterns were observed between the American and African continents in subtype 1, and between the Asian and Oceanian continents in subtype 2.
Introduction
There has been a rapid increase in the number of travelers in recent times due to the improved national standard of living and increased number of overseas trips. Because of this, the probability of foreign tropical infectious diseases being brought into Korea is also increasing every day. The World Health Organization (WHO) stated that approximately 96 million people worldwide are infected with dengue fever each year, among whom, approximately 12,500 die of the disease. In Asian countries, the number of patients affected by dengue fever is increasing rapidly each year in Southeast Asian countries that have high temperatures and humidity throughout the year. According to the announcement made by the Malaysian Health Minister on June 23, 2015, 40,000 patients were diagnosed with dengue fever within the first 6 months of the year, which was a 30% increase from the previous year. Four strains of dengue virus are prevalent during this period. This makes it difficult for physicians to implement effective preventive measures. (http://www.thestar.com.my/News/Nation/ 2015/06/23/Health-mins-MERS-ready/). In Vietnam, more than 100,000 people are diagnosed with dengue fever each year, and more than 10,000 cases with the infection In general, the virus that causes dengue fever belongs to the genus Flavivirus, with a total of 4 subtypes (types 1, 2, 3, and 4). Types 1 and 2 were first reported in Central America and Africa in the 1970s, and all 4 types have been discovered in Southeast Asia since then. The flavivirus is a type of "arbovirus" and is mainly transmitted by insects, while dengue fever is transmitted to humans by mosquitoes in a similar manner. In the present study, various bioinformatics techniques were used for whole genome sequencing of the dengue virus to analyze the variations among different types.
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Materials and Methods
Nucleotide sequences
In the present study, 8,826 whole genome sequences included in the Dengue Virus database of The National Center for Biotechnology Information in the United States were collected and used. These sequences included all dengue virus sequences found in the 5 continents of North America, South America, Oceania, Africa, and Asia. The data used spanned over a period of 32 years, from 1980 to 2012.
Phylogenetic analysis
For phylogenetic analysis of whole genome sequences of the dengue virus, multiple sequence alignment was performed on the collated sequences using the ClustalW program (gap open penalty = 40, gap extension penalty = 0.8). Using the aligned sequences that included the gaps generated from multiple sequence alignment, phylogenetic correlation was performed using MEGA (version 6.06) program to create the neighbor-joining tree (circular cladogram) ( Fig. 1-3 ).
Codon substitution pattern
To ascertain the codon substitution pattern of the dengue virus, the continents on which each subtype was found were grouped individually, and the substitution rate of the third base of each codon was calculated. Analysis was performed using the SimFluVar (http://lcbb.snu.ac.kr/simfluvar) program, which enabled sequence analysis between different genome groups. 2 and 3 show the phylogenetic cladogram trees within subtypes 1 and 3, which were developed to closely examine the intercontinental correlations within the subtypes of dengue virus shown in Fig. 1 . In the case of subtype 1, the cladogram tree was branched according to the continents in which dengue viruses are generally prevalent, but viruses found in the African continent showed a pattern similar to those found in the Americas. Moreover, in the case of the virus (EU863650) isolated in South America in 2002, the genomic patterns observed were similar to those isolated in Oceania in 2001 and 2002. These results demonstrate the transmission of dengue virus between different continents through travelers. Unlike subtype 1, subtype 3 found in Southeast Asia was included in the study because its sequences were closely related to the viruses found in Oceania and Africa, which indicated cross-transmission of the dengue virus between these countries. To verify the degree of intercontinental codon substitution for each subtype, the substitution rates (%) observed in other continents were calculated using the sequence obtained from viruses in the African continent as the reference. These results confirmed that the majority of the base substitutions were transition mutations that occurred between bases with identical lineage (GC to GC substitution: approximately 41-42%, AT to AT substitution: approximately 56-57%). Transversion mutation, which is a substitution with different lineages of bases, was confirmed to be very low, approximately 0.25-1.0% for GC to AT substitution and 0.1-0.9% for AT to GC substitution.
Conclusions
According to the phylogeny of the genome sequences of type 1 dengue virus used in the present study, the dengue virus reported in South America in 2002 (EU863650) was observed to show a pattern similar to that of the virus found in Oceania in 2001 and 2002. This virus, which was first isolated from a patient with dengue fever in Chile, was found to have a high sequence homology with Pacific DENV-1 genotype IV viruses, which was also the case in the present study [5] . Such high similarity of genetic sequences among different continents may be possible due to the free movement of humans, virus hosts, mosquitoes, and the media between the continents. Therefore, the worldwide dispersion pattern of dengue virus would show that transmission can occur to any location, regardless of the geographical area. In particular, DENV-2 and DENV-3 have caused severe secondary dengue infections in Asia [6] . Because virulence and antigenicity can vary depending on the viral serotype, measures should be taken to prevent worldwide transmission of highly virulent virus strains. Accordingly, sequence analysis of dengue viruses found in each region and prediction of their sequence mutations can provide a basis for studies for the development of vaccines and other treatment modalities for potential future virus outbreaks.
In conclusion, each subtype of the dengue virus had genomic patterns that were unique to each subtype, and within each subtype, they were grouped based on the continents they were isolated from within each subtype. However, there were a few cases that showed similar patterns, overcoming the geographic barriers posed by the continents. These results show that transmission of the dengue virus between humans can occur via various routes. However, changes in the genomic patterns at the level of the codons between the continents were majorly due to transition, and thus, the severity of the mutation was low. The results of the genome sequence analysis confirmed that dengue viruses were transmitted between different continents, not just between different countries. Further, measures to inhibit domestic introduction of tropical infectious diseases, such as the dengue virus, are warranted in the future.
